Introduction
============

The goal of nutritional support for very low birth weight (VLBW; \<1,500 g) infants from birth to term is to match the *in utero* growth rates of normally growing fetuses[@B1][@B2]. Unfortunately, this goal is rarely achieved because of chronic undernutrition and poor growth[@B3][@B4][@B5]. Neonatal nutrition and the resulting postnatal growth are major determinants of short- and long-term outcomes for preterm infants[@B6][@B7][@B8].

Among VLBW infants of 24--32 weeks\' gestational age who were discharged at ≤40 weeks postconception age (PCA), the percentage of those with severe growth failure has decreased significantly, from 11.5% in 1995--2000 to 5.2% in 2006--2010, and mild growth failure declined from 40.1% to 9.8% during these periods; however, these improvements remain insufficient[@B9].

In a previous study, among extremely low birth weight (ELBW; \<1,000 g) infants assessed at 18--22 months\' term-equivalent age, 50.5% and 31.7%, respectively, had weights and heights below the 10th percentile at follow-up[@B10]. In another study, among VLBW infants assessed at a corrected term-equivalent age of 24 months, 67.1% had achieved catch-up growth. Korean data from 2000 to 2001 show that 32.9% of VLBW infants have growth failure at a term-equivalent age of 24 months; however, there are no recent data[@B11].

The Korean growth standard commonly used in Korean infants, including preterm infants, was revised in 2007[@B12]. Internationally, the World Health Organization (WHO) chart[@B13] and the Centers for Disease Control and Prevention (CDC) standards[@B14] are used; however, variations in growth outcomes are frequently observed depending on the growth chart used. In addition, no study has yet compared those standards with each other.

In this study, we aimed to evaluate postdischarge growth patterns in Korean VLBW infants and to analyze the growth failure proportions in small for gestational age (SGA) and ELBW infants. Moreover, we aimed to compare the percentile distribution in weight and height between the Korean standard and the WHO and CDC standards.

Materials and methods
=====================

This is a retrospective analysis of the medical records of VLBW infants admitted to the Severance Children\'s Hospital and Gangnam Severance Hospital neonatal intensive care unit from January 1, 2010 to December 31, 2011 and followed up at the outpatient clinic until PCA 24 months. Growth parameters, such as height and weight, were measured for all infants every 3 months. Growth standard curves were used to divide the growth parameters into 10 groups for statistical analysis (\<3rd, 3rd--5th, 5th--10th, 10th-25th, 25th-50th, 50-75th, 75-90th, 90-95th, 95-97th, and \>97th percentile). The growth curves used in this study were the 2007 Korean growth standard curves (<http://www.cdc.go.kr>)[@B12], the US CDC growth charts (<http://www.cdc.gov/growthcharts>)[@B14], and the WHO growth charts (<http://www.cdc.gov/growthcharts>)[@B13]. SGA was defined as birth weight below the 10th percentile for gestational age using fetal growth charts[@B15]. Growth failure was defined as below 10th percentile in weight of height at each period.

Statistical analysis was performed with IBM SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY, USA). Repeated-measures analyses of variance were used for comparisons among the growth standards, and *P* values of \<0.05 were considered statistically significant.

The study protocol was reviewed and approved by Institutional Review Board of Gangnam Severance Hospital (approval number: 2016-0297-001). The requirement for informed consent was waived by the board due to the study\'s retrospective nature.

Results
=======

Total 139 VLBW infants were born and discharged from Severance Children\'s Hospital and Gangnam Severance Hospital neonatal intensive care unit from January 1, 2010 to December 31, 2011. Total 81 patients were enrolled and followed up at the outpatient clinic until PCA 24 months. 58 infants were lost for follow-up before 24 months of age.

Eighty-one VLBW infants (gestational age, 28.3±3.6 weeks; birth weight, 1,137±335 g) were enrolled. Of those infants, 38.9% were male. The mean Apgar score was 2.5±1.7 at 1 minute and 5.4±1.4 at 5 minutes. The mean hospital stay was 68.6±38.6 days ([Table 1](#T1){ref-type="table"}). The birth weights of 21% of infants were \<10th percentile and none were \>90th percentile ([Table 2](#T2){ref-type="table"}).

Among total group, the growth failure proportion at PCA 40 weeks was 58% and that at PCA 24 months was 24% according to the Korean standard; these infants achieved significant catch-up growth (*P*\<0.001) ([Fig. 1](#F1){ref-type="fig"}). Birth heights for 21% of infants were \<10th percentile, and none were \>90th percentile. The percentage of infants with heights \<10th percentile was 55% at PCA 40 weeks and 18% at PCA 24 months by the Korean standard, indicating that they had achieved significant catch-up growth (*P*\<0.001) ([Fig. 2](#F2){ref-type="fig"}).

In the analysis of growth failure (\<10th percentile) in SGA and appropriate weight for gestational age (AGA) infants over time with the Korean standard, 81% of SGA infants were at the \<10th percentile weight reference at PCA 40 weeks, and 29% were at the \<10th percentile weight reference at PCA 24 months. Of the AGA infants, 53% were at the \<10th percentile weight reference at PCA 40 weeks, and 21% PCA 24 months. Growth failure in weight for the SGA infants were higher than AGA infants (29% vs. 21%, *P*=0.045). Of the SGA infants, 75% were at the \<10th percentile height reference at PCA 40 weeks, and 37% at PCA 24 months. Of the AGA infants, 49% were at the \<10th percentile height reference at PCA 40 weeks, and 13% at PCA 24 months. Growth failure in height, SGA infants were higher than AGA infants (37% vs. 13%, *P*=0.038) ([Fig. 3](#F3){ref-type="fig"}).

In the analysis of growth failure proportions (\<10th percentile) among ELBW and non-ELBW (1,000--1,500 g) infants over time using the Korean standard, 17% of ELBW infants showed weight growth failure at birth, 75% at PCA 40 weeks, and 42% at PCA 24 months. Among the non-ELBW infants, the rates were 25% at birth, 43% at PCA 40 weeks, and 10% at PCA 24 months. The rates of height growth failure of ELBW infants were 17% at birth, 72% at PCA 40 weeks, and 25% at PCA 24 months. For non-ELBW infants, the rates were 25% at birth, 30% at PCA 40 weeks, and 8% at PCA 24 months ([Fig. 4](#F4){ref-type="fig"}). Growth failure rates were higher for ELBW than for non-ELBW infants at PCA 24 months (*P*\<0.001 for weight, *P*=0.003 for height).

VLBW infants showed gradual catch-up growth in weight according to Korean, WHO, and CDC standard charts. With the Korean standard, the growth failure rate in infants whose weight was \<10th percentile was 58.4% at PCA 40 weeks and 24.3% at PCA 24 months.

Single patient in a period can be either classified into growth failure or not using different growth chart. We compared each growth standard over time, and a significant difference (*P*\<0.001) was found among the WHO, CDC, and Korean standards ([Fig. 5](#F5){ref-type="fig"}). Both boys and girls showed significant catch-up growth in weight over time. For the boys, the mean weight was above the 25th percentile; however, for the girls, the mean weight was below the 25th percentile based on the Korean standard. Girls showed a trend toward lower rates of catch-up growth. The comparison of height percentiles between boys and girls showed no significant differences; both sexes showed a mean height above the 25th percentile.

Discussion
==========

Our study results showed growth failure in weight in 58.4% of VLBW infants and in height in 50.5% of infants at PCA 40 weeks. However, significant catch-up growth was observed at PCA 24 months. The rates of growth failure were 24.3% for weight and 18.1% for height at PCA 24 months.

The recommendation to allow preterm infants to grow at a rate comparable to the age-matched fetus *in utero* is traditionally clear[@B1][@B2]. Recently, there are other opinions about the adjustment of postnatal growth trajectories because all neonates including very preterm infants lose extracellular fluid after birth and tend to follow a lower percentile than their birth percentile[@B16]. However, extrauterine growth restriction commonly occurs in neonatal units[@B17][@B18]. Very preterm infants frequently experience cumulative energy and protein deficits despite attempts of aggressive nutritional support.

Achieving proper growth in preterm infants is important. Epidemiologic evidence shows that early nutrition and growth in preterm infants influence their development of diseases later in life, as well as their neurodevelopmental outcomes[@B19][@B20][@B21]. This study provides recent data on the postnatal growth of VLBW infants from birth to PCA 24 months in Korea.

The percentage of infants with severe growth failure has decreased significantly over time; however, the rate remains. In a study by Ofek Shlomai et al.[@B9], among VLBW infants born at 24- to 32-week gestational age who were discharged home at ≤40 weeks postmenstrual age, the percentage of those with severe growth failure decreased significantly from 11.5% in 1995--2000 to 5.2% in 2006--2010, and those with mild growth failure declined from 40.1% to 9.8% during these periods (*P*\<0.001). In a study by Cole et al.[@B10], among ELBW infants assessed at 18--22 months of corrected gestational age, 50.5% and 31.7% had weights and heights \<10th percentile at follow-up, respectively. In our study, growth failure in weight was noted 58.4% of infants at PCA 40 weeks, and growth failure in height was 50.5%. However, this study showed significant catch-up growth at PCA 24 months. Growth failure rate was 24.3% in weight and 18.1% in height at PCA 24 month.

In another study, among VLBW infants assessed at a corrected age of 24 months, 67.1% had achieved catch-up growth. In a study by Hack et al.[@B22], which involved comparisons with control newborns, male and female VLBW children showed significantly lower mean weight *Z* scores at 8 years of age. At age 20 years, these differences persisted among men; however, they were no longer significant among women. Furthermore, VLBW boys had significantly lower mean height *Z* scores at both 8 and 20 years, whereas the girls did not differ significantly from controls at either 8 or 20 years.

A greater incidence of poor growth has been reported in SGA infants than in AGA infants. Sung et al.[@B23] compared SGA infants with AGA infants matched for either gestational weight or birth weight up to the age of 3 years, and concluded that intrauterine growth restriction in VLBW infants has a significant long-term impact on growth. In another study, SGA infant showed 70.6% and 67.9% of growth failure (less than -2 standard deviation) at each 12 months and 24 months of age. On the other hand AGA infant showed 29.4% and 21.8% of growth failure at each 12 months and 24 months of age[@B24]. In our study, the growth failure (weight\<10th percentile) rates of SGA infants based on the Korean standard were 71% at PCA 40 weeks and 29% at PCA 24 months. However, SGA infants showed more postnatal growth failure than did AGA infants. SGA infants achieved significant catch-up growth in both weight and height; however, the decrease in growth lag was better in weight than in height.

The ideal growth pattern in preterm infants remains undefined. Consequently, correct evaluation of the postnatal growth of these infants is of primary concern, although the definition of the optimal postnatal growth pattern is still controversial[@B19].

To evaluate the postnatal growth of preterm infants, the 2007 revision of Korean standard is the most commonly used standard in Korea. In this standard, 142,945 children surveyed in 2005, were randomized and selected from the Korean population. The CDC\'s growth chart was released in 2000, and it excluded data for VLBW. A typical growth standard from birth to 5 years of age was released by the WHO, which was based on a multiethnic population of term, breast-fed infants without known health or environmental constraints to growth. In this standard, birth weight\<1,500 g was excluded.

Currently, because of lack of an international longitudinal standard for evaluating postnatal growth in preterm infants[@B25], confusion in the assessment of growth failure may occur when different charts are used. Thus, the assessment of growth failure at the same time points can produce different results if a different growth standard is used. In clinical practice, the best compromise is necessary to compare the different charts for the evaluation of growth of Korean VLBW infants. When the growth patterns were serially compared among the Korean, WHO, and CDC standards, significant differences were observed (*P*\<0.001), and it is unclear which growth chart is ideal for evaluating growth in preterm infants. The INTERGROWTH study is expected to rectify this problem[@B26][@B27]. This study is limited by its small sample size, only two institution study, and retrospective design. Furthermore, the infants were followed-up only up to 2 years of age. Further longitudinal growth monitoring is needed to validate our findings.

In conclusion, with advancements in neonatal care, the catch up growth of VLBW infants was much improved, but remained inadequate. For SGA and ELBW infants, growth impairment was more severe. Careful observation and aggressive interventions, especially in SGA and ELBW infants, are needed.
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###### Patient characteristics (n=81)

![](kjped-60-64-i001)

  Characteristic         Value
  ---------------------- -----------
  Gestational age (wk)   28.3±3.6
  Birth weight (g)       1,137±335
  Male sex               32 (38.9)
  Apgar score            
   1 Minute              2.5±1.7
   5 Minutes             5.4±1.4
  Hospital day (day)     68.6±38.6

Values are mean±standard deviation or number (%).

###### Percentiles of weight and height from birth to postconception age 24 months according to the Korean growth chart
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  Percentile   At birth   Postconception age               
  ------------ ---------- -------------------- ----- ----- -----
  Weight                                                   
   0--10       21%        58%                  40%   31%   24%
   10--25      21%        14%                  21%   24%   22%
   25--50      35%        15%                  14%   15%   16%
   50--75      18%        10%                  13%   18%   18%
   75--90      6%         3%                   5%    10%   15%
   90--100     0%         0%                   2%    2%    5%
  Height                                                   
   0--10       21%        55%                  42%   35%   18%
   10--25      24%        12%                  12%   18%   22%
   25--50      32%        15%                  19%   18%   24%
   50--75      19%        10%                  15%   13%   18%
   75--90      5%         8%                   10%   11%   13%
   90--100     0%         0%                   2%    5%    5%
